The pulvinar, the largest thalamus nucleus, has rich anatomical connections with several different cortical and subcortical regions suggesting its important involvement in high-level cognitive and emotional functions. Unfortunately, pulvinar dysfunction in psychiatric disorders particularly major depression disorder has not been thoroughly examined to date. In this study we explored the alterations in the baseline regional and network activities of the pulvinar in MDD by applying spectral analysis of restingstate oscillatory activity, functional connectivity and directed (effective) connectivity on resting-state fMRI data acquired from 20 healthy controls and 19 participants with MDD. Furthermore, we tested how pharmacological treatment with duloxetine can modulate the measured local and network variables in ten participants who completed treatment. Our results revealed a frequency-band dependent modulation of power spectrum characteristics of pulvinar regional oscillatory activity. At the network level, we found MDD is associated with aberrant causal interactions between pulvinar and several systems including default-mode and posterior insular networks. It was also shown that duloxetine treatment can correct or overcompensate the pathologic network behavior of the pulvinar. In conclusion, we suggest that pulvinar regional baseline oscillatory activity and its resting-state network dynamics are compromised in MDD and can be modulated therapeutically by pharmacological treatment.
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Introduction
The pulvinar, located in the posterior part of the thalamus, is the largest primate thalamic nucleus. The pulvinar has extensive bidirectional connections with temporal, parietal, cingulate, frontal and insular cortices reported in primate tracing and human diffusion tensor imaging (DTI) studies (Jones and Burton, 1976; Kumar et al., 2014; Shipp, 2003) . Pharmacological imaging studies of thalamic neurotransmission have detected the presence of active serotonergic and noradrenergic but little to no dopaminergic activity in the pulvinar part of thalamus (Oke et al., 1997; Takano et al., 2008) .
The pulvinar was once considered a simple "relay center" for information transmission between thalamus and cortex (Pessoa and Adolphs, 2010). That simplistic model of pulvinar function has been revised by recent evidence showing an intricate computational role of the pulvinar in modulating cortical synchrony needed for perceptual attention and emotional processing (Padmala et al., 2010; Pessoa and Adolphs, 2010; Saalmann et al., 2012) .
Pulvinar anatomical and physiological abnormalities have also been found to be involved in the pathophysiology of different neuropsychiatric disorders like visual neglect syndrome, attentional deficits, anxiety disorders and attention deficit hyperactivity disorder (ADHD) (Arend et al., 2008; Ipser et al., 2013; Ivanov et al., 2010; Snow et al., 2009 ). In addition, results of a recent metaanalysis of resting-state PET and SPECT studies in MDD found a significant increase in pulvinar baseline activity in participants with MDD suggesting pulvinar hyperactivity as a potential mechanism of "heightened negative stimuli processing and awareness" (Hamilton et al., 2012) . Prior studies also show abnormal functional connectivity of thalamic regions, if not the pulvinar specifically, in MDD (Greicius et al., 2007) . Furthermore, m-opioid availability in the pulvinar was predictive of degree of treatment response in MDD (Kennedy et al., 2006) . Abnormalities in serotonin transporter system and pulvinar volume size via neuron counts were also reported in a postmortem study of individuals with history of MDD (Young et al., 2007) .
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